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[TITLE OF THE INVENTION] A Portable Cardiogram 
[CLAIMS] 

[Claim l] A potable cardiograph comprising: 

means for generating heart beat/trend data in accordance with cardiograph 
data obtained from a patient; 

means for storing the heart beat/trend data with information on time," 

means for storing cardiograph data for a certain period of time at a position 
before and after operation of an event switch as event waveform data with 
information on time; and 

means for displaying an event waveform on a display screen by selection of 
waveform display modes; 

the potable cardiograph further comprises; 

means for displaying an event mark at a position corresponding to a time of 
event recording on a display screen of a heart beat/trend graph; 

means for directly switching a display screen of the heart beat/trend graph 
to a display screen of the event waveform while remaining the data storage 
time unchanged, and 

means for directly switching the display screen of the event waveform to the 
display screen of the heart beat/trend graph while remaining the data storage 
time unchanged, on the contrary. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the invention] This invention relates to a recording device of 
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cardiac potential, more specifically to a cardiac potential recording device by 
which functions of heart can easily be recognized visually and intuitively by 
displaying electrical activities (cardiac potential) of the heart in different 
colors. 

[0002] 

[Conventional art] Conventionally, functions of heart are recorded using a 
cardiograph, a judgment is carried out by subjecting recorded data for 
analysis. 

[0003] It is widely known that cardiograms are useful record to 
recognize function of the heart. Cardiograms display the heart's electrical 
activity, which include excited condition in the heart and relief thereof. Such 
electrical activity is indicated by waves such as P waves, QRS complex, and T 
waves so on. Thereafter, mechanical excitement of an atrium and the 
ventricle, that is, contraction and expansion of an atrium and the ventricle 
occur. The waves displayed on a cardiogram are electrical tracking of 
excited condition in the heart and relief thereof that is necessary to cause the 
heart's 1 activity. 

[0004] Conventionally, cardiograms are usually recorded on a 
longitudinal grid paper underlined (graph with scales, the minimum unit of a 
scale is a length of 1mm, and a small quadrangle with a height of 1mm, 
Between thick lines, the small quadrangle is contained by five -piece square ) 
by a cardiograph in a width of 2.5 cm/sec. Medical staffs recognize heart beat 
rate, tuning, hypertrophy of axis, a heart muscle obstacle, and infraction by 
measuring a width (millisecond) and height (amplitude mV) of each of P 
waves, QRS complex ST waves and T waves. 

[0005] In order to switch to a display mode for displaying waveforms 
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of events, after displaying a heart rate/trend graph from the initial screen 
and carrying out quantitative diagnosis as a result of taking certain 
procedures, the display mode of the heart rate/trend graph is deactivated. 
Then, a certain procedure is carried out again from the initial screen for 
displaying waveforms of events and for quantitative diagnosis. 

[0006] Next, in order to switch to the display mode of the heart 
rate/trend graph again, display mode for waveforms of events is deactivated 
and return to the initial screen, and a certain procedure is repeated all over 
again for displaying the heart rate/trend graph. In order to switch to the 
display mode for waveforms of events again, the display mode of the heart 
rate/trend graph is deactivated and a certain procedure is carried out again 
from the initial screen for displaying waveforms of events. 

[0007] 

[Problem to be solved] In a conventional portable cardiograph, display 
processing for a heart rate/trend graph and that for waveforms of events are 
carried out completely independent manner. Correlation of the display 
screen of the heart rate/trend graph and the display screen of the event 
waveform are not easily recognized such as the time of event record is not 
known at all in the display screen of the heart rate/trend graph, direct 
switching of a display screen of the heart beat/trend graph to a display screen 
of the event waveform while remaining the data storage time unchanged and 
on the contrary, direct switching the display screen of the event waveform to 
the display screen of the heart beat/trend graph can not be done. 

[0008] As a result, a judgment whether it is that to which subjective 
symptoms originate in the origin of an event waveform at heart disease, when 
it originates in heart disease, they are necessary disposal, such as an 
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elucidation of the generating standard, a judgment of the degree of serious 
injury, and a check of the medication effect, can be obtained can not be 
carried out easily and clearly. 

[0009] The present invention is invented in consideration of such 
problems and it is an object of the present invention to easily recognize a 
correlation of a display screen of the heart rate/trend graph and a display 
screen of the event waveform. 

[0010] 

[Means for solving the problem] The portable cardiograph according to 
the present invention comprises- 

means for generating heart beat/trend data in accordance with cardiograph 
data obtained from a patient; 

means for storing the heart beat/trend data with information on time; 

means for storing cardiograph data for a certain period of time at a position 
before and after operation of an event switch as event waveform data with 
information on time," and 

means for displaying an event waveform on a display screen by selection of 
waveform display modes; 

the potable cardiograph further comprises; 

means for displaying an event mark at a position corresponding to a time of 
event recording on a display screen of a heart beat/trend graph; 

means for directly switching a display screen of the heart beat/trend graph 
to a display screen of the event waveform while remaining the data storage 
time unchanged, and 

means for directly switching the display screen of the event waveform to 
the display screen of the heart beat/trend graph while remaining the data 
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storage time unchanged, on the contrary. 
[0011] 

[Function] Since event recording time is made to carry out position 
correspondence and the event mark is displayed on it in the state where 
trend graph is displayed, it is turned out about at the time of what kind of 
heart beat rate trend event record is performed. 

[0012] Since the display screen of trend graph and the display screen of 
an event waveform were mutually changed direct where data memory time is 
kept constant, correlation between the heart beat/trend graph 100 and the 
event waveform 200 can quickly and clearly be recognized. 

[0013] 

[Embodiment of the invention] An exemplary embodiment of a portable 
cardiograph according to the present invention will be described in 
accordance with drawings in detail. 

[0014] FIG. 1 is a block diagram illustrating the principle part of an 
electrical structure of an exemplary portable cardiograph of the present 
invention. 

[0015] In the figure, reference numeral 2 shows a body surface 
electrode(s) attached to a patient, 4 illustrates a cardiograph amplifier 
amplifying cardiograph signals picked up with the body surface electrode, 6 
illustrates an A/D converter converting amplified analog signals into digitized 
digital cardiograph signals, 8 shows a CPU performing overall control of a 
micro-computer, 10 illustrates a ROM storing program(s), 12 shows a RAM 
serving as a working memory, 14 illustrates a liquid crystal driver being 
driven with the CPU 8, 16 shows a display device in which liquid display 
elements are arranged in as matrix capable of displaying any data in the 
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form of numeric, graphs, waveforms, 18 illustrates touch keys for inputting 
numerous commands, 20 shows an even switch being pushed when a patient 
experiences palpitations and/or chest aches. The touch keys 18 are formed 
in a transparent plate so that the key conforms to the display on the liquid 
crystal display device 16. 

[0016] The RAM 12 has a memory area temporary storing cardiogram 
data sampled by the A/D converter and time information in a memory loop 
method via the CPU 8. The CPU 8 has a function by which the number of 
heart beat is calculated in accordance with the cardiogram data temporary 
stored in the Ram 12. Then, the RAM 12 has a memory area storing heart 
rate/trend data both calculated together with time information. The CPU 8 
has a function by which cardiogram data for a total of 2 minutes a minute 
before and after the pushing operation of the even switch is recorded into the 
RAM 12 as even waveform data in accordance with the pushing operation. 
The RAM 12 is formed so that its capability is enough to store at least 
cardiogram data above 2 heat beats and the heart rate/trend data for 48 
hours. 

[0017] Figs. 2 through 4 show memory maps of the RAM 12. 

[0018] As shown in Fig. 2, the RAM 12 comprises a RAM at main 
bodyl2a and a RAM on IC card 12b backed up by the battery. The RAM 12 
serves as a buffer area for measurement having an area for temporary 
storing at least cardiogram data above 2 heart beats being sampled. 

[0019] The RAM 12 b comprises a header part 12b i in which starting 
time of measuring cardiogram data and time when an event is recorded are 
stored (see Fig. 3 for detail), a storage area 12b2 storing QRS data at rest and 
waveform data as event 0, a storage area 12b3in which QRS data at the first 
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event recording and waveform data as an event A, a storage area 12b4 
storing QRS data at the second event recording and waveform data as an 
event B, a storage area 12bs in which the heart beat number/trend data for 
displaying that for 24 hour on one screen is stored two times as the heart beat 
number/trend data to be calculated within 48 hours, a storage area 12b6 
storing the heart beat number/trend data for displaying that for 60 minutes 
on one screen being stored 48 times, a storage area 12b? in which the heart 
beat number/trend data for displaying that for 10 minutes on one screen is 
stored 288 times. The areas 12bs through 12b7 are buffer areas for events. 

[0020] Data structure of the areas 12bs through 12b7 are shown in Figs. 
4 (a) through 4(c). The maximum vale, the minimum value, an average vale 
and the number are respectively stored for a predetermined period such as 12 
minutes, 30 seconds and 5 seconds each. 

[0021] Exemplary displays on the liquid crystal display device 16 
capable of displaying any data in the form of numeric, graphs, waveforms by 
arranging fine liquid display elements as matrix are illustrated in Figs. 5 
through 7. 

[0022] On this display screen, the displays corresponding to the touch 
keys 18 formed so that the display conforms with the keys. 

[0023] Fig, 5 shows an exemplary display of a heart rate/trend graph 
100, di shows a vertical axis representing heart beat number HR, d2 
illustrates a horizontal axis representing time, d3 shows a linear cursor 
perpendicular to the horizontal d3, d4 shows a cursor operation key for 
moving the linear cursor d3, for moving display data, for scrolling the display 
screen. In the keys, d4 i, d4 2 are a right fast-forward move key and left 
fast-forward move key each of which moves the cursor by 1 screen 
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respectively, and d4-3, d4-4 are a rightward move key and leftward move key 
each of which moves the cursor by 1 dot respectively. 

[0024] ds is a display of time at where the cursor stands on, d6 is an 
event mark to be displayed at a position corresponding to the even record 
time, d7 shows a sign that represent whether the heart rate/trend graph 100 
is one of a 10 minutes trend, a 60 minutes trend or a 24 hours trend (a 10 
minutes trend in Fig. 5) and a key for switching the screen mode in a cyclic 
manner as a 24 hours trend a 60 minutes trend — * a 10 minutes trend 
— > a 24 hours trend whenever one-push operation is performed as shown in 
Figs. 7(a) through 7(c). ds shows a sign that represent whether the heart 
rate/trend graph 100 is one of the first 24 hours ( or the first day) out of 48 
hours and the second 24 hours ( or the second day) out of 48 hours and a key 
for switching the screen mode in a cyclic manner such as the first day — * the 
second day — ► the first day whenever one-push operation is performed 
(showing the second day in the case of Figs. 7(b) and the first day in all other 
cases), d 9 is a display of an average heart beat value of the part where the 
linear cursors d 3 matches in the heart rate/trend graph 100. 

[0025] d 10 is a waveform key for switching the display mode of 
waveforms such as the display image of the heart rate/trend graph 100 shown 
in Fig. 5 into the display image of the event waveform shown in Fig. 6. In this 
case, it is assumed that the waveform key d 10 is pressed and is operated after 
putting the linear cursor d3 on the event mark d6. 

[0026] Fig. 6 is an exemplary display of an event waveform 200. d n 
shows a display for indicating a variable duration from the time at which the 
event switch is pressed, a variable duration with"+" shows the duration after 
depression of an event switch 20, another variable duration with " — " shows 
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the duration before depression of the event switch 20. d 12 is a trend graph 
key for switching the display mode from the display screen of an event 
waveform 200 shown in Fig. 6 to the display screen of the heart rate/trend 
graph 100 shown in Fig. 5. 

[0027] Next, operations of the portable cardiograph device according to 
this embodiment will be described with reference to Figs. 8 through 13. 

[0028] Control operation of the CPU 8 is initiated by turning the power 
supply on-state. Cardiographs signals picked up with the body surface 
electrodes 2 and are amplified by the cardiograph amplifier 4 are input to the 
A/D converter 6. The CPU 8 executes the following control operations in 
accordance with the program(s) read out from the ROM 10. 

[0029] By turning the power supply on, displays such as a measurement 
key, replay key are displayed as touch-keys on the liquid crystal display 
device 16. 

[0030] At first, in step Si, when it judges whether the measurement key 
in the touch keys 18 was operated and it is judged that there was the 
operation, the routine from Steps S2 through S8 is performed. If not the 
case, in Step S9, it is judged whether or not the replay key in the touch keys 
18 is operated. When it is judged that the replay key is operated, the 
process proceeds to step S10 and if the key is not operated, the process 
returns to step SI. 

[0031] In Step S10, after waiting one of an event replay key and a trend 
replay key is pressed for operation, a routine including steps Sll through S16 
(see Fig. 10) is performed when a judgment that a trend replay key is pressed 
being made, and the a routine including steps S18 through S22 (see Fig. 12) 
is performed when a judgment that the event replay key is pressed being 
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made (this will be described in detail later on). 

[0032] In general, the measurement key is operated first after turning 
the power supply on. In this manner, the process proceeds to step S2 for 
controlling AID converter 6 so that amplified cardiograph signals inputted to 
the A/D converter are sampled for a predetermined period and converting the 
signals into digital cardiograph data and send them out to the CPU 8. In 
step S3, the CPU 8 transfers the continuously sampled cardiograph data with 
information on time to RAM at main body 12a of the RAM 12 and make the 
RAM 12a to temporary store them in so called memory loop method. 

[0033] Fig. 9 shows details of data storage operations in such memory 
loop method. In step S3~l, the CPU 8 transfers the converted digital 
cardiograph data to a buffer area for waveform measurement in the RAM at 
main body 12a of the RAM 12 and makes the RAM 12a to temporary store 
them therein. In step S3"2, it is judged that whether or not the event 
memory based on operation of the event switch 20 has been completed, if it 
has not been completed, the process proceeds to step S3~3, but when having 
completed, the process skips to step S4 of Fig. 8 (a search for the peak of R 
wave). 

[0034] In step S3~3, the CPU 8 controls to update and store cardiograph 
data to a buffer area for event in the IC card 12b of the RAM 12 so that data 
for the newest 1 minute before the certain period is always stored with the 
present as the starting point. 

[0035] The contents of the stored data always vary until the event 
switch is operated. 

[0036] The process skips to step S4 when a judgment of no operation for 
the event switch 20 is made in step S3~4. The process proceeds to step S3-5 
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and the CPU controls to suspend the update and storage of the newest 1 
minute cardiograph data into the IC card 12b of the RAM 12 when the event 
switch 20 is operated. The newest 1 minute cardiograph data stored at the 
termination moment is fixedly stored in the buffer area for event?-in the IC 
card 12b of the RAM 12 with information on time. In addition another 1 
minute cardiograph data after the moment is fixedly stored with information 
on time 

[0037] From these operations, a total of 2 minutes of cardiograph data, 
each 1 minute before and after the moment with information on time is 
stored in the RAM at IC card 12b of the RAM 12 as event waveform data 
(cardiogram data at the event). The flag for representing event storage 
completion is set at step S306 and the process proceeds to step S4. 

[0038] Here, the description of the flow chart is returns to Fig. 8. 

[0039] In step S4, the CPU 8 carries out analysis of cardiograph 
waveform in accordance with cardiograph data read out from the RAM 12 
and conducts a search for data corresponding to R wave peak which segments 
one heart beat. The peak of R wave is a part having the sharpest rise in a 
QRS complex which characterizes cardiograph waveforms. The method of 
searching the peak of R wave can be realized by judging whether or not a 
requirement, that a value of cardiograph at a certain point exceeds 70% of the 
maximum value of cardiograph data in prior one heart beat and the certain 
point is the maximum point, is fulfilled. 

[0040] The process proceeds to step S5 when the CPU 8 recognize the 
point is the peak of R wave. If not the case, the process returns to step S2 
via steps S7 and S8. Then steps S2 through S4, steps S7 and S8 are 
repeatedly carried out. 
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[0041] The process proceeds to step S5 and calculate heart rate when 
the peak of R wave is found. In other words, the CPU calculates the 
reciprocal of the time from the peak of R wave of the heart beat of 1 time ago 
to the peak of R wave of these heart beat, and makes the number to be the 
heart beat rate. 

[0042] Next, the CPU 8 transfers data on the heart beat rate to the IC 
card 12b of the RAM 12 with the information on time in step S6. 

[0043] By carrying out these steps, heart beat rate and trend data for 1 
heart beat is calculated and stored in the IC card 12b of the RAM 12. Such 
calculation and storage of heart beat and trend data are continuously carried 
out until one of cancellation key in the touch keys 18 is operated and 48 hour 
has passed from initiation of the measurement. In other words, the process 
returns to step SI when the cancellation key is operated in step S7, and the 
CPU controls to automatically shut off the power supply and terminate the 
measurement of cardiograph data when it is judged that the measurement 
period exceeds 48 hours in step S8. 

[0044] Unless the stop cancellation is operated on the way, the heart 
beat rate/tend data for each heart beat of a maximum of 48 hours with 
information on time is memorized in the IC card 12b of the RAM 12. 

[0045] Judgment in step Si becomes negative and process proceeds to 
step S9 shown in Fig. 8 when one of cases that the cancellation key is 
operated and the power supply is turned on again after elapsing 48 hours. 

[0046] In other words, it waits for operation of the replay key in the 
touch keys 18 and the process proceeds to step S10. 

The process proceeds to step Sll in which the CPU 8 reads out heart beat 
rate/tend data from the shown in Fig. 10 and converts the heart beat 
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rate/tend data into a display format for a tend graph of such data when it is 
judged that the trend replay key is operated in step S10. The tend graph is a 
graph showing variation of heart beat with time on which the abscissa axis 
shows time and axis of ordinate shows heart beat. 

[0047] Then the CPU 8 transfers the display data of the heart beat 
rate/tend graph in step S13 and controls the liquid crystal driver 14 so that 
the heart beat rate/tend graph is displayed on the liquid crystal device 16. 
In step S15, event mark d6 is displayed in accordance with recorded time of 
the event. Such display continues until one of a judgment that the 
waveform key 10 is operated in step S16 and another judgment that the 
cancellation key is operated in step S17 is being made. 

[0048] Detailed routine of operations carried out by the operation of the 
waveform key 10 will be described with reference to Fig. 11. 

0049] When it is going to display an event waveform while displaying a 
trend graph, it is necessary to operate the cursor operation d4 to move the 
cursor to the position of the event mark d6 and to make it in agreement 
thereto. However, the event mark d6 is not always displayed. 

[0050] There might be a case that the event mark d6 is not displayed 
any one of a 24 hour trend, a 60 minutes trend and a 10 minutes trend 
because record of event is performed only twice maximum during 48 hours 
measurement. In the 60 minutes trend and the 10 minutes trend, the mark 
rather not be displayed. The cursor operation d4 is scrolled until the event 
mark d6 is displayed on the screen. Thereafter, the cursor is agreed with the 
event mark d6 by moving the linear cursor d3for 1 bit at a time. 

[0051] The CPU 8 judges whether or not the linear cursor d3 agrees with 
the event mark d6 in step S16-1. If not agreed, the process proceeds to step 
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17, the process proceeds to step S16-2 and judges whether or not the display 
screen is switched to that for 10 minutes trend if the linear cursor d3agrees. 
In other words, it is only from 10 minutes trend to change the display screen 
of the heart beat/trend graph 100 to the display screen of the event waveform 
200, and it is made to have not changed from both the 60 minutes trend and 
the 24 hours trend. The reason for this is that resolution of 1 dot is too 
rough to display such a display and it may cause inaccurate display. 

[0052] For the moment, a physician switches to a display screen of the 
10 minutes trend by operating the key d7 remaining the position of the linear 
cursor d3 the same. By doing that, the waveform keyd lois displayed on the 
display screen of the 10 minutes trend. Calibration is carried out for 
agreement if the position of the linear cursor d3 and that of the event mark d6 
disagree. Thereafter, the waveform keyd lois pressed. 

[0053] The CPU 8 judges whether or not the display screen is switched 
to the display screen of the 10 minutes trend in step S16-2. If it is switched, 
the process proceeds to step S16 - 3 for carrying out judgment whether or not 
the waveform key d 10 is pressed. 

[0054] If each of the judgments in steps 16*1 through 16*3 become 
negative, the process returns to step Sll via step S17 and similar steps are 
repeated. Thereafter, the judgment in step S16-3 comes to positive and the 
process proceeds to step S16-4. 

[0055] In step S16~4, the CPU 8 reads out measurement start time 
stored in the IC card 12b of the RAM 12 (see Fig. 3) and the CPU 8 calculates 
the currently displayed 10 minute display screen is a 10 minute trend display 
screen starting from when in accordance with the start time. In addition, 
the CPU calculates the time representing the position on which the linear 
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cursor ch is located. 

[0056] Next, in step S16-5, a comparison of the time representing 
position of the linear cursor eta with the recording moment of an event A or an 
event B and one of the events having the moment that matches to the time is 
selected. Then, in step S16-6, the address of the head data of the waveform 
data in waveform data storage areas (I2b3 or 12b4) of the selected event is 
acquired. Thereafter, the process proceeds to step S18 for switching the 
screen to a display screen of the even waveform. 

[0057] In other words, the display screen is switched from that of a 
trend graph 100 of the 10 minutes trend to that of an even graph 200 directly. 

[0058] As described in the above, depending on the judgments of the 
operations of the waveform keydioin step S16 and that of the event replay 
key in step S10, the process proceeds to step 18 for reading out an event 
waveform data (cardiograph data at heart attack occur) from the buffer area 
for event of the IC card 12b of the RAM. Then such waveform data is 
converted into display data in step S19. Then, in step S20, the display data 
for of the event waveform is transferred to the liquid crystal driver 14. In 
step S21, the liquid crystal driver 14. is controlled so that an event waveform 
200 is displayed on the liquid crystal display device 16. Such display 
continues until one of a judgment that the trend graph key d 12 is operated 
in step S21 and another judgment that the cancellation key in the touch keys 
18 is operated in step S22 being made. The process returns to step SI once 
the cancellation key is operated. 

[0059] In this way, the physician can made a quick and accurate 
qualitative diagnosis judging whether or not subjective symptoms are 
originates in heart disease by displaying the event waveform 200 on the 
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liquid display device 16. 

[0060] Subsequently, detailed routine of operations carried out by the 
operation of the trend graph key d 12 will be described with reference to Fig. 
13. 

[0061] In step S22-1, the CPU 8 judges whether or not the trend graph 
key d 12 is operated on the display screen of the event waveform 200 shown 
in Fig. 6. If not operated, the process returns to step S18 via step S23, but if 
operated, the process proceeds to step S22-2. In Step S22-2, the CPU reads 
out recorded information on the event waveform 200 being displayed from a 
header 12bi of the IC card 12b of the RAM, and a search is conducted for 
head address of the 10 minutes trend data containing information on a 
certain time in accordance with the recorded certain time information about 
event waveform 200 contained in the recorded information, in the in step 
S23-3. 

[0062] A judgment whether or not the recorded time is contained being 
conducted in step S22-3 will be described with reference to Fig. 14. 

[0063] Display image of the 10 minutes trend is switched as "one 
display image per every 10 minutes" from the measurement start. Recorded 
trend of total 48 hours correspond to 288 display images. On the other hand, 
display image of the 60 minutes trend is switched as "one display image per 
every hour" from the measurement start, so that recorded trend of total 48 
hours correspond to 48 display images that is different from that number of 
the 10 minutes trend. Similarly display image of the 24 hours trend is 
switched as "one display image per every 24 hours" from the measurement 
start, so that recorded trend of total 48 hours correspond to 2 display images 
that is different from that number of the previous two trends. 
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[0064] ] Incidentally, in order to switch to the display of a 60 minute 
trend containing the straight line cursor d3 after moving the straight line 
cursor d3 to an arbitrary position during display of the 24 hours trend, it is 
necessary to display one 60 minute trend corresponding to a certain time 
period that is figured out for a time position of the straight line cursor d3 
corresponding to how much time passed time position passed. Similarly, in 
order to switch to the display of a 10 minute trend containing the straight 
line cursor d3 after moving the straight line cursor d3 to an arbitrary position 
during display of the 60 minutes trend, it is necessary to display one 10 
minute trend corresponding to a certain time period that is figured out for a 
time position of the straight line cursor d3 corresponding to how much time 
passed time position passed. 

[0065] To which 10 minutes trend the event waveform 200 being 
displayed belonging that is judged in step S22-3 can be figured out by the 
recorded time of the event waveform 200. Such the recorded time exists 
between the starting time of corresponding 10 minutes trend and the 
subsequent 10 minutes period. According to such recorded time, head 
address in which data of corresponding 10 minutes trend being stored is 
figured out and a search is conducted in the IC card 12b of the RAM in 
accordance with the address thus figured out. Upon completion of the 
search, the process returns to a routine which performs the steps following 
Step Sll. In other words, the display screen of the event waveform 200 is 
directly switched to a display screen of heart beat/trend graph 100 of a 10 
minutes trend. 

[0066] As described in the above, overall conditions of heart beat trend 
before and after the event recording is easily recognized because the event 
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mark d6is displayed together with heart beat/trend graph 100. 

[0067] While being able to change from the display screen of the heart 
beat/trend graph 100 for the 10 minutes trend to the display screen of the 
event waveform 200 directly according to steps S16 and S22, without 
returning to an initial screen (corresponding to steps S9, S10) one by one 
basis like the conventional cases, contrary, it can also change from the display 
screen of the event waveform 200 to that of the display screen of the heart 
beat/trend graph 100 for 10 minutes trend. 

[0068] In this way, correlation between the heart beat/trend graph 100 
and the event waveform 200 can quickly and clearly be recognized. This is 
of great advantage to a judgment whether it is that to which subjective 
symptoms originate in the origin of an event waveform at heart disease, 
When it originates in heart disease, they are necessary disposal, such as an 
elucidation of the generating standard, a judgment of the degree of serious 
injury, and a check of the medication effect. 

[0069] 

[ Advantages of the present invention ] As described, in a portable 
cardiograph according to the present invention, overall conditions of heart 
beat trend before and after the event recording is easily recognized because 
the event mark is displayed together with heart beat/trend graph on a 
corresponding time position therein. Correlation between the heart 
beat/trend graph 100 and the event waveform 200 can quickly and clearly be 
recognized and a great advantage, to a judgment whether it is that to which 
subjective symptoms originate in the origin of an event waveform at heart 
disease, when it originates in heart disease, they are necessary disposal, such 
as an elucidation of the generating standard, a judgment of the degree of 
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serious injury, and a check of the medication effect, can be obtained since the 
display screen of heart beat rate/trend graph and that of the event waveform 
are mutually changed directly in the state on the basis of the same time. 
[Brief description of the drawings] 
[Fig. 1] 

FIG. 1 is a block diagram illustrating the principle part of an electrical 
structure of an exemplary portable cardiograph of the present invention. 
[Fig. 2] 

FIG. 2 is a memory map of a RAM of an embodiment. 
[Fig. 3] 

FIG. 3 is a memory map of another RAM of another embodiment. 
[Fig. 4] 

FIG. 4 is a memory map of another RAM of another embodiment. 
[Fig. 5] 

Fig. 5 is an exemplary display of a heart rate • trend graph of an embodiment. 
[Fig. 6] 

Fig. 6 is an exemplary display of an event waveform of an embodiment. 
[Fig. 7] 

Fig. 7 is an exemplary display of a heart rate/trend graph of an embodiment. 
[Fig. 8] 

Fig. 8 is a flow chart for describing processes of an embodiment. 
[Fig. 9] 

Fig. 9 is a flow chart for describing processes of an embodiment. 
[Fig. 10] 

Fig. 10 is a flow chart for describing processes of an embodiment. 
[Fig. 11] 
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Fig. 11 is a flow chart for describing processes of an embodiment. 
[Fig. 12] 

Fig. 12 is a flow chart for describing processes of an embodiment. 
[Fig. 13] 

Fig. 13 is a flow chart for describing processes of an embodiment. 
[Fig. 14] 

Fig. 14 is an exemplary diagram illustrating variations of the resolution of 
trend display. 

[Description of the reference numerals] 
2 • • • • body surface electrode 
4 • • • * cardiograph amplifier 
6 • • • • AID converter 
8 • • • • CPU 
10 • • • • ROM 
12 • • • • RAM 
12a • • • • RAM at main body 
12b • • • • RAM on IC card 
14 * • " • liquid crystal driver 
16 • * * liquid crystal display device 
18 • • • touch keys 
20 • * * event switch 
100 • * • heart rate/trend graph 
200 • • • event waveform 

d3 • * * linear cursor 

de * • • event mark 
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Fig.l 

2 * body surface electrode 

4 * cardiograph amplifier 

6 : A/D converter 

14 * liquid display driver 

16 • liquid crystal display device 

18 • touch-key 

20 * event switch 



Fig.2 

(a) 12a- RAM at main body 
Temporary storage area for cardiograph 

( buffer area for measuring waveform) 

(b) 12b: RAM on IC card 
12b 1 - Header part 

12b2 : Event 0, storage area for QRS data at rest, that for waveform data 
12b3 ' Event A, QRS data at the first event, that for waveform data 
12b4 : Event B, QRS data at the second event, that for waveform data 
12b5 : Storage area of trend data for 24 hours, displaying trend data for 24 
hours minutes on one screen, (24 hours/one screen X2) 

12b6 : Storage area of trend data for 60 minutes, displaying trend data for 60 
minutes on one screen, (60 minutes/one screen X48 ) 

12b7 • Storage area of trend data for 10 minutes, displaying trend data for 10 
minutes on one screen, (10 minutes/one screen X288 ) 



Fig.6 
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dl2 : Srend 
ratio 

Fig.3 

12bl: Header part 

Start measuring heart beat trend month, day, year 



Event 0 • Existence of data 

(OFFH if data exists) 

Event 0 : The number of QRS 

Event 0 - sec. min. month, day, year of recording 

Event A " Existence of data 

Event A : QRS number 

Event A • sec. min. month, day, year of recording 

Event B : Existence of data 
Event B : QRS number 

Event B • sec. min. month, day, year of recording 



Fig.9 

S3*l - Temporary store cardiogram data into RAM (buffer area for measuring 
waveform) 

S3-2 ; Event memory completed? 

S3-3 : Update cardiograph data in RAM (buffer area for event) 
S3-4 : Event switch? 

S3*5 : Suspend update and storage newest 1 minute cardiograph data 
S3*6 - Event memory completed 
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Fig.4 

(a) Data structure of heart beat/trend data for 24 hours 
Maximum vale of heart beat HR detected for 12 minutes 
Minimum value of heart beat HR detected for 12 minutes 
Average value of heart beat HR detected for 12 minutes 
Numbers of heart beat HR detected for 12 minutes 



(b) Data structure of heart beat/trend data for 60 minutes 
Maximum vale of heart beat HR detected for 30 seconds 
Minimum value of heart beat HR detected for 30 seconds 
Average value of heart beat HR detected for 30 seconds 
Numbers of heart beat HR detected for 30 seconds 

(c) Data structure of heart beat/trend data for 10 minutes 
Maximum vale of heart beat HR detected for 5 seconds 
Minimum value of heart beat HR detected for 5 seconds 
Average value of heart beat HR detected for 5 seconds 
Numbers of heart beat HR detected for 5 seconds 



Fig.5 

d7 • 10 minutes 
d8 :First day 
dlO * Waveform 



Fig. 13 
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S22-1 : Trend graph key is operated? 

S22-2 * Read out from RAM recorded information on event waveform being 
displayed 

S22-3 ' Head address in which data of corresponding 10 minutes trend being 
stored is figured out and a search is conducted in RAM 



Fig.7 
(a) 

d8 : First day 
Histogram 

(b) 

d8 • Second day 
Histogram 



(c) 

First day 
Waveform 



Fig.8 

Turn on power supply 

51 • measurement key? 

52 * Convert analog cardiogram signals into digital signals 

53 ' Temporary store cardiogram data in RAM (memory loop method) 

54 * R wave peak? 

55 • calculate heart rate 
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S6 • store heart beat into RAM 
S7* Cancellation key? 

58 • 48 hours passed? 

59 : Replay key? 

S10 ' Event replay key or trend replay key? 
Event replay key 
Trend replay key 
Turn off power supply 



Fig. 10 

511 - Reads out heart beat rate/tend data from RAM 

512 : Convert heart beat rate/tend data into display format thereof 

513 • Transmit heart beat rate to liquid crystal driver 

514 : Display heart beat rate/tend graph 

515 • Display event mark 
S16: Waveform key ? 
S17 : Cancellation key? 



Fig. 11 

S16-1 • Linear cursor agrees with the event mark? 

S16-2 • Display screen is switched to that for 10 minutes trend 

S16-3 • Waveform key d 10 is pressed? 

S16-4 * Read out measurement start time stored RAM calculate currently 
displayed 10 minute display screen is a 10 minute trend display screen 
starting from when in accordance with the start time. Calculates time 
representing position on which linear cursor d3 is located 
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S16~5 - Compare time representing position of linear cursor with recording 
moment of event A or an event B and select one of events having the moment 
that matches to the time 

S16-6 : Acquire address of head data of waveform data in waveform data 
storage areas of selected event 



Fig. 12 

518 • Read out event waveform data from the buffer area for event of the IC 
card 12b of the RAM 

519 * Convert event waveform data into display data of heart beat/trend 
graph 

520 : Transfer display data for of event waveform to liquid crystal driver 

521 - Display event waveform 

522 : Trend graph key operated? 

523 : Cancellation key? 



Fig. 14 

Start measurement 

1 hour 

2 hours 
24 hours 
48 hours 

24 hour trend display screen 



Start measurement 
20 minutes 
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1 hour 

2 hours 

60 minutes trend display screen 

Start measurement 
10 minutes 
20 minutes 

10 minutes trend display screen 
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[Abstract] 

[Object] It is an object of the present invention to recognize correlation 
between the trend graph 100 and the event waveform 200 easily and also 
carry out diagnosis of heart disease quickly and accurately. 

[Means to achieve the object] The present invention features that where it 
displayed the event mark d6 corresponding to the record time and record time 
remain unchanged as it is on the display screen of the trend graph 100, While 
switching from the display screen of the trend graph 100 to the display screen 
of the event waveform 200 directly, it changes to the display screen of the 
event waveform 200 to that of the trend graph 100. 
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